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Description 

Field of the Invention 

The invention relates to a method for the detection $ 
of a disable tone signal in an echo canceller, said disable 
tone signal being within a predetermined tolerance 
range from a nominal frequency and including phase in- 
versions occurring at predetermined intervals. 

Background of the Invention 

End-to-end connections of a data transmission sys- 
tem, such as a telephone network, often show long tran- 
sit time delays, in consequence of which echo is ob- 
served for instance in the case of normal speech, when 
a signal is reflected from the far end of a connection back 
to the talker. An echo canceller is an analog or digital 
device for processing a signal, such as a speech signal, 
so as to reduce echo by subtracting estimated echo from 
the echo (signal). 

Normally, an echo canceller shall be capable of de- 
tecting a so-called disable signal. Upon detecting the 
disable tone, the echo canceller is switched to a trans- 
parent' state, in which the echo canceller does not proc- 
ess a signal passing through. The characteristics of the 
disable tone are defined accurately in CCITT recom- 
mendation V.25. A disable tone is a signal of about 21 00 
Hz with phase inversions at intervals of (450 ± 25) ms. 
The disable tone detection of the echo canceller shall 
respond to this particular signal but not e.g. to speech 
or a 2100 Hz signal with no phase inversions. Disable 
tones are monitored both at the receiving and transmit- 
ting end of each telephone channel. Prior art echo can- 
cellers with disable tone detection are disclosed e.g. in 
U.S. Patents 4,658,420 and 5,029,204. 

US-A-4,658,420 describes a method for the detec- 
tion of a disable tone signal in an echo canceller, said 
disable tone signal being within a predetermined toler- 
ance range from a nominal frequency and including 
phase inversions occurring at predetermined intervals, 
comprising: 

a) removing frequencies from an input signal by fil- 
tering; 

b) creating a substantially in-phase version of said 
filtered signal; 

c) delaying said in-phase version; and 

d) detecting a phase inversion in said disable tone 
signal by means of a logical XOR operation execut- 
ed on said in-phase version of said filtered signal 
and the delayed version thereof. 



vention, which is characterized in that said step of re- 
moving frequencies from an input signal by filtering com- 
prises removing frequencies outside said tolerance 
range from the input signal by band-pass filtering; in that 
the method further comprises sampling the band-pass 
filtered signal at a sampling frequency, said sampling 
frequency being about half of said nominal frequency, 
the resulting sample signal component being aliased to 
the vicinity of a zero frequency; and in that said step of 
creating a substantially in-phase version of said filtered 
signal comprises creating a substantially in-phase ver- 
sion for said aliased sample signal component; said step 
of delaying said in-phase version comprises delaying 
said in-phase version for said aliased sample signal 
component by about 2n sample signal periods, where n 
is a positive integer, and said step of detecting a phase 
inversion in said disable tone signal comprises detecting 
a phase inversion in said disable tone signal by means 
of a logical XOR operation executed on said aliased 
sample signal component and the delayed version 
thereof. 

According to the invention alt frequencies falling 
outside a monitored frequency band are removed from 
a received signal by band-pass filtering. After this, the 
tendency of a signal of being aliased to lower frequen- 
cies, when the sampling frequency is lower than the 
Nyquist frequency, is utilized for the detection of a dis- 
able tone. To this end, the filtered signal is sampled at 
a sampling frequency which is only about half of the 
nominal frequency of the disable tone, resulting in an 
aliased sample signal component close to the zero fre- 
quency. When the sample rate of the original signal is 
for instance 8000 samples/second (PCM signal) and the 
sampling frequency is 1000 Hz, then only every eighth 
original sample signal transmitted in the telephone 
channel is further processed. Thanks to this solution, a 
signal processor or another device applying the method 
of the invention is capable of processing both signal di- 
rections in several telephone channels. 

When a signal at the preset frequency and on a pre- 
set level is detected, the signal is tested in order to find 
a phase inversion of about 180 degrees. This takes 
place by means of an XOR operation executed between 
the aliased sample signal component and the version 
thereof delayed by two sample signal periods. In-phase 
signals always have like signs (plus or minus), but if 
there exists a phase inversion in the disable tone, the 
original sample signal component and the delayed ver- 
sion thereof have temporarily unlike signs. 

By means of the method of the invention, it is pos- 
sible to provide a very simple disable tone detection re- 
quiring a short processing time. 
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Disclosure of the Invention 

\ The object "of the invention is a method for the cte- 
V tection of a disable tone signal in an echo canceller./ 
Tli is is achieved by means of the method of the in- 
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Brief Description of the Drawings 

The invention will be explained in the following in 
greater detail by means of illustrative embodiments re- 
ferring to the enclosed drawings, in which 
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Figure 1 shows a block diagram of an echo cancel- 
ler according to the invention, 
Figure 2 shows a graph illustrating frequency char- 
acteristics of a disable tone detector, the vertical ax- 
is representing the signal level and the horizontal 
axis the frequency, 

Figure 3 illustrates an aliasing in a frequency do- 
main due to the sampling, and 
Figures 4A to 4C are signal diagrams illustrating the 
XOR operation to be used for the detection. 

Detailed Description of the Invention 

Figure 1 shows a digital echo canceller, to which the 
inventive detection of a disable tone signal can be ap- 
plied. The echo canceller comprises an input port &„ 
and an output port of a digital signal to be transmit- 
ted as well as an input port Rj n and an output port Fl oot 
of a digital signal to be received. The echo canceller 
shall eliminate the echo only in the transmission direc- 
tion, in this application called far end (the echo canceller 
can alternatively be constructed to eliminate the echo in 
the receiving direction). The opposite direction is called 
near end. The ports S m and are connected to the 
transmission path of the near end and the ports S^and 
Rjn to the transmission path of the far end. The echo to 
be cancelled is a component r(i) of a speech signal x(i) 
received at the port from the far end and transmitted 
forward over the port Rout to the near end (to the echo 
path), which component is reflected from the near end. 

A transmission signal y(i) of the near end is linear- 
ized by an A-law converter 35 A, processed by means 
of an adaptive FIR fitter 21 and finally applied to a 
change-over switch SW1 . The switch SW1 controlled by 
a control unit 26 connects the output of the fitter 21 either 
over a non-linear processor 27 or an A-law converter 36 
to the output port of the echo canceller. 

The adaptive digital filter 21 is for instance a digital 
transversal filter, which models an impulse response of 
the echo path. A control unit 22 controls the operation, 
adaptation and updating of the adaptive filter 21 on the 
basis of the levels of the signals y(i) and x(i), which lev- 
els are obtained by means of level detectors 24 and 25, 
respectively, and on the basis of an enable tone detec- 
tion, which is performed by means of an enable tone 
detection circuitry 37. 

The signal x(i) is linearized by A-law converters 
35B, 35C and 35D, before being applied to a sample 
buffer 23, the level detector 25 and the enable tone de- 
tection circuitry 37, respectively. Samples taken from 
the signal x(i) are stored in the sample buffer 23, from 
which they are applied, if needed, to the filter 21 for the 
calculation of a correlation between them and samples 
taken from the signal y(i). Coefficients a k of the filter 21 
are updated on the basis of this correlation. 

In the echo canceller shown in Figure 1 , the detec- 
tion of a disable tone is performed by means of the cir- 
cuitry 37. Firstly, the signal y(i) received from the con- 



verter 35 A and/or the signal x(i) received from the con- 
verter 35D is applied over a change-over switch SW2 to 
a band-pass filter 33, having a center-frequency of 
about 2100 Hz and a pass-band of for instance about 
s 1900 to 2350 Hz, at least about 2079 to 2121 Hz. The 
filter 33 removes ail the other frequencies except the 
ones within the frequency band to be examined. The fre- 
quency band required for the detector 37 is illustrated 
in Figure 2. 

10 From Figure 2 is seen that the detection always 
shall succeed at frequencies 2100±21 Hz (zone 10) of 
the disable tone signal, while the operation at frequen- 
cies 1900 to 2350 Hz (zone 11) is undefined, i.e. the 
detection may work, but it does not need to work. Out- 

15 side the frequency range 1 900 to 2350 Hz (zone 1 2) the 
detection must not work. 

The level of the output signal (i.e. enable tone sig- 
nal) of the fitter 33 is measured by a level detector 32. 
The input signal of the filter 33 is also applied to a band 

20 stop filter 31 , the stop band of which is substantially the 
same as the pass band of the filter 33 and which re- 
moves the 1 900 to 2350 Hz detection band from the in- 
put signal and leaves a surrounding guard band for the 
level detection by means of a level detector 30. The 

25 power level of the guard band is measured in order that 
the speech cannot be misinterpreted as a disable tone. 
Again according to Figure 2, when white noise (300 to 
3400 Hz) is applied to the detection circuitry 37 simul- 
taneously with a 2100 Hz signal having a level of -31 

30 dBmO, the white noise shall prevent the detection, if the 
noise level rises close to the level of the 2100 Hz signal. 
When the level of the disable tone signal is raised, the 
white noise shall prevent a switching off of the echo can- 
celler within the whole frequency range on levels lower 

35 than the disable tone level. 

When the control unit 22 detects a signal at the pre- 
set frequency and on a preset level on the basis of the 
outputs of the level detectors 30 and 32, the signal is 
tested to find a phase inversion of 180t25 degrees in 

40 the signal. For this purpose, the output signal of the filter 
33 is applied also to a phase inversion detector 34. First- 
ly, the phase inversion detector 34 samples the signal 
at a sampling frequency which is about half of the 2100 
Hz tone frequency. In the preferred embodiment of the 

45 invention the sampling frequency is 1000 Hz. As illus- 
trated in Figure 3, an aliased sample signal component 
40' results in the vicinity of the zero frequency in conse- 
quence of sampling an original signal 40 having a fre- 
quency, of about 2100 Hz. Then the detector 34 gener- 

so ates a substantially in-phase component 40" delayed by 
2n signal periods, preferably 2 periods, with respect to 
the sample signal component 40' aliased in the vicinity 
of the zero frequency, where n is a positive integer, as 
illustrated in Figures 4A and 4B. Then the detector 34 

55 detects a phase inversion in the disable tone by means 
of an XOR operation executed between the aliased 
sample signal component 40/ and the delayed version 
40" thereof. An XOR operation can for instance be ex- 
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ecuted on the signs of the signals 40* and 40V When a 
logic XOR operation is executed on the sample signal 
component 40* and the delayed version 40*, the signals 
40' and 40' being substantially in-phase and of the same 
sign, the result is a logic state 0, as illustrated in Figure s 
4C. When a phase inversion occurs in the signal 40" at 
time 41 , a corresponding phase inversion does not oc- 
cur in the delayed version 40" until approximately two 
periods later at time 41 Then the XOR operation tem- 
porarily gives a logic state 1 , because due to the phase 10 
inversion 41 in the disable tone signal a phase and sign 
of the delayed version 40* temporarily differ from those 
of the original sample signal component 40', as illustrat- 
ed in Figure 4C. The duration of the temporary change 
in the result of the XOR operation expresses the amount * 5 
of the phase change in the disable tone signal. 

Before a phase inversion can be detected, a delay 
shall be searched for for the delayed sample signal com- 
ponent 40", by which delay the delayed sample is locat- 
ed as accurately as possible at the distance of two pe- 20 
riods from the respective sample of the original signal 
This is carried out by experimenting with all delays be- 
tween 7 to 20 sampling periods. These delay differences 
correspond to a 1 40 to 50 Hz frequency range, to which 
2050 to 21 40 Hz frequencies are aliased and which thus 2s 
is at the same time the frequency range within which a 
signal may be detected, while according to the specifi- 
cations, frequencies between 2079 and 2121 Hz must 
be detected. A delay by which the XOR operation yields 
only one or no result with unlike signs during one signal 30 
period will be close to the actual frequency delayed by 
about one signal period, and the obtained delay can be 
used as a delay value in the subsequent stages of de- 
tection. If the XOR operation always gives a similar re- 
sult, the signals are in-phase. On the other hand, if the 35 
signals are in-phase all the time, they also have the 
same frequencies. 

If a phase inversion occurs when a frequency is 
searched for, it results in an unsuccessful search in the 
event that the phase inversion is coincident with finding 40 
of the desired frequency. In that case the frequency 
search procedure restarts from the beginning. At renew- 
al, no phase inversions should be present in the signal, 
because phase inversions shall occur at intervals of 
(450±30) ms and a search lasts about 100 ms at the *s 
most The maximum detection time of a phase inversion 
is thus (2*1Q0ms)+480ms = 680ms. 

In the preferred embodiment of the invention all the 
blocks shown in Figure 1 are realized by software in a 
digital signal processor. so 

The invention has above been described in connec- 
tion with particular exemplifying echo canceller types 
and digital transversal filters. The method of the inven- 
tion can, however, be applied to all echo cancellers. 

The figures and the description relating to them are ss 
only intended to illustrate the present invention, anyway. 
As to the details, the method of the invention can vary 
within the scope of the enclosed claims. 



A method for the detection of a disable tone signal 
in an echo canceller, said disable tone signal being 
within a predetermined tolerance range from a nom- 
inal frequency and including phase inversions oc- 
curring at predetermined intervals, comprising: 

a) removing frequencies from an input signal by 
filtering; 

b) creating a substantially in-phase version of 
said filtered signal; 

c) delaying said in-phase version; and 

d) detecting a phase inversion in said disable 
tone signal by means of a logical XOR opera- 
tion executed on said in-phase version of said 
filtered signal and the delayed version thereof; 
characterised in that 

said step of removing frequencies from an input 
signal by filtering comprises removing frequen- 
cies outside said tolerance range from the input 
signal by band-pass filtering (33); in that the 
method further comprises 
sampling (34) the band-pass filtered signal at a 
sampling frequency, said sampling frequency 
being about half of said nominal frequency, the 
resulting sample signal component (40') being 
aliased to the vicinity of a zero frequency; and 
in that 

said step of creating a substantially in-phase 
version of said filtered signal comprises creat- 
ing a substantially in-phase version for said ali- 
ased sample signal component; 
said step of delaying said in-phase version 
comprises delaying said in-phase version for 
said aliased sample signal component by about 
2n sample signal periods, where n is a positive 
integer, and 

said step of detecting a phase inversion in said 
disable tone signal comprises detecting a 
phase inversion in said disable tone signal by 
means of a logical XOR operation executed on 
said aliased sample signal component and the 
delayed version thereof. 

A method according to claim 1 , characterised in that 
the logical XOR operation results in a first logical 
state, when said sample signal component and said 
delayed version are substantially in-phase and of 
the same sign, and in a second logical state, when 
the delayed version has temporarily, in conse- 
quence of a phase inversion occurring in said disa- 
ble tone signal, a phase and sign unlike those of the 
sample signal component, and that the phase inver- 
sion is detected on the basis of said temporary 
change in the result yielded by the XOR operation. 
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3. A method according to claim 2, characterized in 
that the duration of said temporary change in the 
result yielded by the XOR operation expresses the 
amount of the phase change in the disable tone sig- 
nal. 

4. A method according to claim 1, 2 or 3, character- 
ized in that the delay for delaying said sample signal 
component by about 2n periods is searched for be- 
fore the detection of the phase inversion, said 
search comprising testing with a suitable number of 
delays, each of which delays affecting a delay of 
about 2 signal periods for one of the frequency com- 
ponents aliased to the vicinity of the zero frequency, 
and selecting the delay by which the XOR operation 
executed on said sample signal component and 
said delayed version thereof gives only one or no 
result indicating the unlike phases of the signals 
during one period of the sample signal 

5. A method according to any of the preceding claims, 
characterized in that said nominal frequency is 
2100 Hz, said tolerance range is 2079 to 2121 Hz, 
the sampling frequency is 1000 Hz, the frequency 
to which said nominal frequenzy aliases in the vi- 
cinity of the zero frequency being 100 Hz and the 
frequency range to which the tolerance range alias- 
es in the vicinity of the zero frequency being 140 to 
50 Hz. 

6. A method according to claim 5, characterized in 
that delays between 7 and 20 sampling periods are 
tested in the delay search. 

7. A method according to any of the preceding claims, 
characterized in that a phase inversion of about 
1 55 to 205 degrees occurs in the disable tone signal 
at intervals of about 420 to 480 ms. 



Patentanspruche 

1 . Verfahren zum Erfassen eines Abschaftetonsignals 
in einem Echoloscher, wobei das Abschaltetonst- 
gnal innerhalb eines vorbestimmten Toleranzberei- 
ches einer Nennfrequenz liegt und Phasenumkeh- 
rungen enthalt, die in vorbestimmten Intervallen 
auftreten, mit den folgenden Schritten: 

a) Entfemen von Frequenzen von einem Ein- 
gangssignaJ durch Filtem; 

b) Schaffen einer im wesentlichen phasenglei- 
chen Version des gefilterten Signals; 

c) Verzdgem der phasengleichen Version; und 

d) Erfassen einer Phasenumkehrung in dem 



Abschattetonsignal mitt els einer bgischen Ex- 
Husrv-ODER-Operation, die an der phasen- 
gleichen Version des gefilterten Signals und 
seiner verzogerten Version ausgef uhrt wird; 

5 

dadurch gekennzeichnet, 

daB der Schritt des Entf emens von Frequenzen 
von einem Eingangssignal durch Filtem das 
10 Entfemen von Frequenzen auBerhalb des To- 

leranzbereichs von dem Eingangssignal durch 
BandpaBfilterung (33) aufweist; 

daft das Verfahren femer 

15 

das Abtasten (34) des bandpaBgetltterten Si- 
gnals bei einer Abtastfrequenz aufweist, wobei 
die Abtastfrequenz etwa die Halfte der Nenn- 
frequenz betragt, wobei die resultierende Abt- 
20 astsignalkomponente (40') einer Aliasbehand- 

lung in die Nahe einer Nullf requenz unterzogen 
wird; und 

daft der Schritt des Schaffen s einer im wesent- 
2S lichen phasengleichen Version des gefilterten 

Signals das Schaffen einer im wesentlichen 
phasengleichen Version fur die aliasbehandel- 
te Abtastsignaikomponente aufweist; 

30 wobei der Schritt des Verzogerns der phasen- 

gleichen Version das Verzdgem der phasen- 
gleichen Version der aliasbehandelten Abtast- 
signaikomponente um etwa 2n Abtastsignalpe- 
rioden aufweist, wobei n eine positive ganze 

35 Zahl ist, und 

wobei der Schritt des Erfassens einer Phasen- 
umkehrung in dem Abschaltetonsignal das Er- 
fassen einer Phasenumkehrung in dem Ab- 
40 schaltetonsignal mitt els einer bgischen Exklu- 

siv-ODER-Operation aufweist, die an der alias- 
behandelten Abtastsignaikomponente und de- 
ren verzogerter Version ausgefuhrt wird. 

45 2. Verfahren nach Anspruch 1 , dadurch gekennzeich- 
net, daB die logische Exklusiv-ODER-Operation in 
einem ersten logischen Zustand resultiert, wenn die 
Abtastsignaikomponente und die verzogerte Versi- 
on im wesentlichen phasengletch sind und dassel- 

so be Vorzeichen haben, und in einem zweiten logi- 
schen Zustand, wenn die verzogerte Version als 
Folge einer in dem Abschaltetonsignal auftreten- 
den Phasenumkehrung vorubergehend eine Phase 
und ein Vorzeichen hat, die von denjenigen der Abt- 

55 astsignalkomponente verschieden sind, und daB 
die Phasenumkehrung auf der Basis der voruber- 
gehenden Veranderung des Resultats erfaBt wird, 
das die Exklusiv-ODER-Operation ergibt 
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3. Verfahren nach Anspruch 2, dadurch gekennzeich- 
net, daB die Dauer der vorubergehenden Anderung 
des Resultats der Exklusrv-ODER-Operation das 
AusmaB der Phasenanderung in dem Abschalte- 
tonsignaJ ausdruckt. 

4. Verfahren nach Anspruch 1 , 2 oder 3, dadurch ge- 
kennzeichnet, daB nach der Verzogerung zum Ver- 
zdgern der Abtastsignalkomponente urn etwa 2n 
Perioden vor dem Erfassen der Phasenumkehrung 
gesucht wird, wobei die Suche ein Testen mit einer 
geeigneten Anzahl von Verzogerungen aufweist, 
von webhen jede eine Verzogerung von etwa zwei 
Signalperioden fur eine der Frequenzkomponenten 
bewirkt, die in die Nahe der Nullfrequenz aliasbe- 
handett wurden, und ein Auswahlen der Verzoge- 
rung, durch die die an der Abtastsignalkomponente 
und deren verzogerter Version ausgefuhrte Exklu- 
siv-ODER-Operation nur ein oder kein Resultat er- 
gibt, das die ungleichen Phasen der Signale wah- 
rend einer Periode des Abtastsignals anzeigt. 

5. Verfahren nach ein em der vorstehenden Anspru- 
che, dadurch gekennzeichnet, daQ die Nennfre- 
quenz 2100 Hz ist, der Toleranzbereich 2079 bis 
21 21 Hz ist, die Abtastfrequenz 1 000 Hz ist, die Fre- 
quenz, zu der die Nennfrequenz in die Nahe der 
Nullfrequenz aliasbehandett wird, 100 Hz ist und 
der Frequenzbereich, zu dem der Toleranzbereich 
in die Nahe der Nullfrequenz aliasbehandett wird, 
140 bis 50 Hz ist. 

6. Verfahren nach Anspruch 5, dadurch gekennzeich- 
net, daB Verzogerungen zwischen 7 und 20 Abtast- 
perioden bei der Verzogerungssuche getestet wer- 
den. 

7. Verfahren nach einem der vorstehenden Anspru- 
che, dadurch gekennzeichnet, daB eine Phasen- 
umkehrung von etwa 155 bis 205 Grad in dem Ab- 
schaltetonsignal bei Intervallen von etwa 420 bis 
480 ms auftritt. 



Revendications 

1 . Precede de detection d'un signal de tonalite de neu- 
tralisation dans un suppresseur d'echo, ledit signal 
de tonalite de neutralisation etant situe dans une 
fourchette de tolerances predetermined par rapport 
a une frequence nominate, et comprenant des in- 
versions de phase se produisant a des intervalles 
predetermines, ledit precede comprenant : 

a) ('elimination par filtrage de frequences d'un 
signal cf entree ; 

b) la creation d'une version sensiblement en 
phase dudit signal filtre ; 



c) le retardement de cette version en phase ; et 

d) la detection cfune inversion de phase dans 
ledit signal de tonalite de neutralisation, au 
moyen cfune operation logique OU exclusrf 
executee sur la version en phase du signal fittre 
et sur sa version retardee ; 

caracterise en ce que : 

tadite etape cf elimination par filtrage de fre- 
quences d'un signal cf entree comprend ["elimi- 
nation de frequences situees a I'exterieur de la 
fourchette de tolerances du signal d'entree, au 
moyen d'un filtrage passe-bande (33) ; 
en ce que le precede comprend en outre : 
I'echantillonnage (34) du signal traite par filtra- 
ge passe-bande, a une frequence d'echan- 
tillonnage, tadite frequence d'echantillonnage 
etant sensiblement la moitie de la frequence 
nominate, la composante (40*) resultants du si- 
gnal echantillonne etant repliee au voisinage 
d'une frequence zero, 
et en ce que ; 

ladite etape de creation d'une version sensible- 
ment en phase dudit signal fittre comprend la 
creation cfune version sensiblement en phase 
de ladite composante de signal echantillonne 
repliee ; 

ladite etape de retardement de ta version en 
phase comprend le retardement de ta version 
en phase de la composante de signal echan- 
tillonne repliee, cfune valeur d'environ 2n pe- 
riodes de signal echantillonn6, n etant un nom- 
bre entier positif ; 

ladite etape de detection cfune inversion de 
phase dans te signal de tonalite de neutralisa- 
tion comprend la detection d'une inversion de 
phase dans le signal de tonalite de neutralisa- 
tion au moyen d'une operation logique OU ex- 
clusif executee sur tadite composante de signal 
d'echantillonnage et sur sa version retardee. 

2. Precede selon la revendication 1 , 

caracterise en ce que ("operation logique OU exclu- 
srf produit un premier etat logique, lorsque ladite 
composante de signal echantiltonnee et tadite ver- 
sion retardee sont sensiblement en phase et du me- 
me signe, et un deuxieme etat logique, lorsque, sui- 
te a une inversion de phase se produisant dans le 
signal de tonal it 6 de neutralisation, la phase et le 
signe de la version retardee sont differents de ceux 
de la composante de signal d'echantillonnage, 
et en ce que I' inversion de phase est detectee sur 
la base du changement temporaire du resultat de 
I'operation OU exclusrf. 

3. Precede selon revendication 2, 

caracterise" en ce que la duree dudit changement 
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temporal re du resultat de I'operation OU exclusif ex- 
prime la vaJeur du changement de phase du signal 
de tonalite de neutralisation. 

4. Precede sebn la revendicatbn 1 , 2 ou 3, s 
caracterise en ce que le retard pour retarder tadite 
composante de signal echantillonnee cfenviron 2n 
periodes est recherche avant la detection de I'inver- 
sion de phase, tadite recherche comprenant des 
tests avec un nombre approprie de retards, chacun io 
de ces retards concemant un retard □"environ 2 pe- 
riodes de signal pour Tune des composantes de fre- 
quence repliees au voisinage de ta frequence zero, 

et la selection du retard grace auquel I'operation OU 
exclusif executee sur ladrte composante de signal '5 
echantillonnee et sa version retardee ne prod u it 
qu'un seul resultat ou aucun, indiquant les phases 
differentes des signaux au cours d'une periods du 
signal echantillonnee. 

20 

5. Procede sebn I'une quelconque des revendications 
precedentes, 

caracterise en ce que ladite frequence nominal e est 
de 2100 Hz, que la fourchette de tolerances est de 
2079 a 21 21 Hz, que la frequence o° echantillonna- 25 
ge est de 1000 Hz, que la frequence a laquelle la 
frequence nominale est repliee au voisinage de la 
frequence zero est de 100 Hz, et que la fourchette 
de frequences a laquelle est repliee la fourchette de 
tol6rances au voisinage de la frequence zero est de 30 
140 a 50 Hz. 

6. Procede seton la revendicatbn 5, 

caracterise en ce que des retards entre 7 et 20 pe- 
riodes d'echantillonnage sont testes au cours de la 35 
recherche de retard. 

7. Procede selon I'une quelconque des revendications 
precedentes, 

caracteris6 en ce qu'une inversion de phase de 1 55 40 
a 205 degres se prod u it dans le signal de tonalite 
de neutralisation a des intervalles d'environ 420 a 
480 ms. 
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